The mitotic index is reported to be correlated with recurrence, mean patient survival, and metastasis of canine hemangiopericytoma (CHP). However, to the authors' knowledge, studies investigating the parameters that can predict recurrence or metastasis of CHP with low mitotic index have not been done. To evaluate growth kinetics of CHP with low mitotic index, a retrospective analysis of the proliferative activity by antiproliferative cell nuclear antigen monoclonal antibody and DNA contents by flow cytometry (FCM) was performed with 21 formalin-fixed and paraffin-embedded CHP samples. Of the 21 tumors evaluated by FCM, 6 (26.6%) were aneuploid tumors, and 15 (71.4%) were diploid tumors. There was significant correlation between the PCNA index and ploidy pattern. The diploid group had 39.1 6 9.2 PCNA index, whereas the aneuploid group's proliferative cell nuclear antigen (PCNA) index was 63.1 6 8.2. The diploid group had mean mitotic index value of 1.140 6 0.855, and the aneuploid group had a mean value of 1.067 6 0.767. From these results, the CHP samples with low mitotic index were classified into either the aneuploid J Vet Diagn Invest 18: 211-214 (2006) Brief Communications 211
group with higher PCNA index or the diploid group with lower PCNA index, suggesting that DNA ploidy and proliferative activity may give an indication about malignancy of CHPs with a low mitotic index.
Key words: Canine hemangiopericytoma; malignancy; PCNA index; ploidy. <!?show "fnote_aff1"$^!"content-markup(./author-grp [1] /aff|./author-grp [1] /dept-list)> Canine hemangiopericytoma (CHP), a relatively common neoplasm, is most often found in the hind limb of dogs, but CHP can develop anywhere on the body. 3, 11, 14, 20 Although the histiogenesis of CHP is not clear, the putative cell of origin is the pericyte. 13, 19 The typical histopathologic pattern of CHP is a whirling cellular configuration around a central vessel, the so-called ''fingerprint'' pattern. 4, 10, 20 This pattern is considered to be a distinctive characteristic of CHP and is a histologic feature used to differentiate CHP from some other soft-tissue neoplasms such as dermatofibrosarcomas and schwannomas. 4, 10, 20 Since CHP has frequent local recurrence at the surgical site but rarely metastasizes, the tumor is classified as lowgrade, soft-tissue sarcoma. 1, 8 The mitotic index is reported to be correlated with recurrence, mean patient survival, and metastasis of CHP. 1, 8 However, there are no reports about parameters that can be used to predict recurrence or metastasis of CHP with low mitotic index. Therefore, a certain relevance of the parameters of cellular proliferation such as proliferative activity by antiproliferative cell nuclear antigen monoclonal antibody (MAb) or DNAploidy determined by use of flow cytometry (FCM) is necessary to aid the predilection of behavior of CHP with low mitotic index. The aim of the study reported here was to determine the DNA ploidy patterns by FCM, the proliferative activity by antiproliferative cell nuclear antigen MAb, and mitotic index in CHP with low mitotic index, and determine whether these predict biological behavior.
A total of 21 cases of histologically confirmed CHP were retrieved from the archives of the Tumor Registry of the Laboratory of Comparative Pathology, Graduate School of Veterinary Medicine, Hokkaido University from 1993 to 1996. Representative tumor tissues were fixed in neutralbuffered 10% formalin, processed in routine manner for paraffin embedment, sectioned, and stained with hematoxylin and eosin (HE).
Flow cytometric analysis for DNA content of formalinfixed, paraffin-embedded tissues was carried out using a modified method as described. 6, 18 Briefly, 50-mm-thick sections (together with an adjacent HE-stained, 3-mm-thick section to confirm tumor presence) were cut and deparaffinized by treatment with xylene, followed by a rehydration sequence with decreasing concentrations of ethanol. Samples were incubated in 0.25% trypsin in citrate buffer. After vortexing and filtration over a nylon mesh (50-mm) cells were stained with propidium iodide. For each sample, approximately 20,000 nuclei were analyzed by FCM a using a 488-nm laser emission band with 500-mW power for the excitation of propidium iodide. All histograms with a coefficient of variation .8 were eliminated because the data were not interpretable. The diploid (G 0 /G 1 ) peaks were determined to have DNA index (channel number/ mean channel number) of 1.0-0.1, with a G 2 /M peak of 2.0-0.2. All DNA histograms were derived after gating to eliminate debris and were evaluated by convection for archival material where the first peak was identified as the diploid (G 0 /G 1 ) population. A mean channel number was calculated for all initial peaks, and all peaks falling within 2 SD of the mean were designated as diploid. This diploid mean channel number was confirmed using nontumor lymph nodes and tissue controls. Initial or secondary peaks occurring outside this range were classified as aneuploid, unless they were appropriate (,20% of G 0 /G 1 ) G 2 /M secondary peaks located at twice the mean channel number 6 2 SD. All tumors evaluated were classified as either diploid or aneuploid.
To calculate the percentage of cells positive for proliferative cell nuclear antigen (PCNA), immunostaining by use of the streptavidin-biotin complex (SAB)-immunoperoxidase method with anti-PCNA MAb (PC10) b was performed on additional deparaffinized sections after microwave processing as described. 5, 12 The percentage of antigen-positive tumor cells was examined at a magnification of 4003 by counting 100 cells respectively in 10 randomly selected nonoverlapping fields. Data were expressed as mean 6 SD, and statistical analysis was performed using the Student's t-test. 2 Tests for significance of the correlation coefficient were performed using the confidence limit table.
The mitotic index of each tumor was taken as the sum of mitotic figures in 10 fields at a magnification of 4003, selected at random except in partially necrotic tumors, in which necrotic areas were avoided. Data were expressed as mean 6 SD. Tests for significance of the correlation coefficient were performed using the confidence limit table.
Of the 21 tumors evaluated by FCM, 6 (26.6%) were aneuploid tumors, and 15 (71.4%) were diploid tumors ( Fig. 1; Table 1 ). Immunohistochemical analysis of PCNA revealed variable percentage of antigen-positive cells in the tumor lesions ( Figs. 2, 3 ). There was a significant correlation (P 5 0.0116) between the percentage of PCNA-positive cells (PCNA index) and ploidy pattern Table 1 ). The diploid group had a 39.1-9.2 PCNA index, and the aneuploid group had an index of 63.1-8.2. Mitotic index values for the diploid group ranged from 0.4 to 2.7/10 microscopic fields, with a mean 6 SD value of 1.067 6 0.855 and a median value of 0.78 (n 5 15). Mitotic index values for the aneuploid group ranged from 0.44 to 2.67/10 microscopic fields, with a mean of 1.067 6 0.767 and a median of 0.885 (n 5 6). A significant difference was not observed between the mean mitotic index of the diploid and aneuploid tumors.
In the study reported here, the proliferative activity identified by anti-PCNA immunohistochemical analysis was compared with the DNA ploidy patterns in CHP. Although proliferative activity and DNA ploidy patterns of canine tumors have been analyzed individually or in groups with other parameters, 2, 5, 7, 9, [12] [13] [14] [15] [16] [17] to our knowledge, there are no reports of investigation of the correlation between PCNA activity, DNA ploidy, and mitotic index of CHP. Mitotic index is a useful parameter for predicting behavior of CHP. 1, 8 Such tumors with mitotic index $8 have a 25% rate of recurrence and 2% incidence of metastasis, whereas CHP with a mitotic index $9 indicates 62% recurrence and 15% incidence of metastasis. 1 However, the level of importance of the parameters that can predict recurrence or metastasis of CHP with low mitotic index has not yet been firmly established. Although they were only assessed in a limited number of dogs, the data from this study suggested that 26.6% of CHP cases are aneuploid. Moreover, the aneuploid CHP specimens had significantly higher PCNA indices than those of the diploid CHP samples. On the basis of these results, the aneuploid CHP samples with high PCNA indexes may have higher potential for recurrence or metastasis. These results can explain why some of CHP with low mitotic index had potential for recurrence and metastasis. Therefore, both ploidy patterns and PCNA index may be reliable parameters for judging the biological behavior of CHPs having a low mitotic index. A larger-scale study of PCNA activity and ploidy in CHP, including variables of breed, sex, and age, along with case follow-up data, will be required to determine the biological significance of these parameters.
